Expression, Crystallization, and data collection. PKG Iβ 219-369 (CNB-B) was expressed and purified as previously described(1). For the XN structure, the CNB-B crystals were grown in 200 µL drops made by mixing the complex (with ~35 mg/mL of PKG Iβ), the reservoir (1.6 M Na 3 Citrate, pH 6.5 in H 2 O) and 1 M NaI solutions at a 1:0.8:0.2 ratio in the 9-well glass plate/sandwich box sitting drop setup. A crystal suitable for neutron diffraction measured 0.7 × 0.8 × 1.7 mm (~0.95 mm 3 ) and was mounted in a quartz capillary containing the reservoir solution made with 100% D 2 O. Another crystal from the same crystallization drop that provided the crystal for neutron data collection was mounted in the same fashion for room-temperature X-ray data collection. The labile hydrogen atoms were allowed to exchange with deuterium by vapor diffusion for several
weeks for both crystals before starting data collection. Quasi-Laue neutron data to 2.2 Å resolution were collected from the 0.95 mm 3 PKG Iβ-cGMP crystal at room temperature on the LADI-III beamline at the Institut Laue-Langevin(2) ( Figure S6 ). As is usual for a Laue experiment, the crystal was held stationary at a different φ setting for each exposure. In total 17 images were collected (with an average exposure time of 24 h per image) from 3 different crystal orientations. The neutron data were processed using the Daresbury Laboratory LAUE suite program LAUEGEN(3) modified to account for the cylindrical geometry of the detector (4) . The program LSCALE (5) was used to determine the wavelength-normalization curve using the intensities of symmetry-equivalent reflections measured at different wavelengths. No explicit absorption corrections were applied. These data were then merged in SCALA (6) . Monochromatic X-ray diffraction data were collected using a Rigaku HomeFlux system, equipped with a MicroMax-007 HF generator and Osmic VariMax optics. The diffraction images were obtained using an RAXIS-IV++ image-plate detector. Diffraction data were collected, integrated and scaled using HKL3000 software suite (7) . The room-temperature X-ray structure of PKG Iβ-cGMP was refined using SHELX-97 (8) at the resolution of 1.76 Å before using it as a starting model in joint XN refinement. A summary of the experimental and refinement statistics is given in Supporting Table 1. For the low-temperature PKGIβ-cAMP crystals, purified PKG Iβ was concentrated to 125mg/mL, and cAMP was dissolved in the sample to a final concentration of 20mM.
Crystals were grown in 5µL drops by mixing 2.5µL protein/cAMP solution with 2µL of 1.6 M Na 3 Citrate, pH 6.5 and 0.5µL 1M NaI, and this drop was sealed over a reservoir containing 1.6 M Na 3 Citrate, pH 6.5. Crystal growth was observed after 2 months, and crystals were cryo-protected with paratone-N before being flash-frozen. Diffraction data were collected at the Advanced Light Source (Berkeley, CA). Diffraction data was integrated and scaled using HKL2000, and the structure was solved using PDB:4KU7 as a search model and refined using phenix.refine(9) with cycles of model building performed manually in Coot (10) . The coordinates of CNB-B:cAMP have been deposited into the PDB (ID: 4QX5).
Joint XN structure refinement. The joint XN structure of PKG Iβ-cGMP was determined using nCNS (11) and manipulated in Coot (10) . After initial rigid-body refinement, several macrocycles of positional, atomic displacement parameter, and occupancy refinement followed. Between each macrocycle the structure was checked, side-chain conformations were altered and water molecule orientations were built based on the F O -F C difference neutron scattering density map. The 2F O -F C and F O -F C neutron scattering density maps were then examined to determine the correct orientation of hydroxyl (Ser, Thr, Tyr) and ammonium (Lys) groups, and protonation states of His and Lys residues. The protonation states of some disordered side chains could not be obtained directly, and remained ambiguous. All water molecules were refined as D 2 O. Initially, water oxygen atoms were positioned according to their electron density peaks, and then were shifted slightly in accordance with the neutron scattering density maps. The level of H/D exchange at OH, NH and SH sites were refined. All labile H positions in PKG Iβ and cGMP were modelled as D and then the occupancy of D was allowed to refine within the range of -0.56 to 1.00 (the scattering length of H is -0.56 times the scattering length of D). Before depositing the final structure to the PDB, a script was run that converts a record for the coordinate of D atom into two records corresponding to an H and a D atom partially occupying the same site, both with positive partial occupancies that add up to unity. The Ramachandran statistics for the PKG Iβ-cGMP structure reported here are as follows: residues in most favored regions 97.6%, residues in additional allowed regions 2.4%. Ser290 and Glu291 were not visible in either electron or nuclear density maps, and therefore were not modelled in the joint XN refinement. The joint XN structure of PKG Iβ-cGMP has been deposited to the Protein Data Bank (PDB: 4QXK). 4.0 Arg297 DH21 O6 2.2 n/a n/a n/a n/a Gly306 N O2' 2.9 O2' 2.9 O2' 2.9 Gly306 DN O2' 2.1 n/a n/a n/a n/a Glu307 OE1 O2' 2.4 O2' 2.3 O2' 2.9 Glu307 OE1 DO2' 1.7 n/a n/a n/a n/a Ala309 N O1A 2.9 O2P 3.1 O2P 3.0 Ala309 DN O1A 1.9 n/a n/a n/a n/a Arg316 NH1 O1A 3.1 O2P 2.9 O2P 2.9
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Arg316 DH11 O1A 2.1 n/a n/a n/a n/a Thr317 N O2A 2.9 O1P 2.6 O1P 3.0 Thr317 DN O2A 1.9 n/a n/a n/a n/a 1.8 n/a n/a n/a n/a Thr317 DG1 O2A 1.9 n/a n/a n/a n/a
